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A technical drawing is seen on screen as Systems Engineers Christopher
Murray (right) works at his console at the Webb Mission Office ahead of the
James Web Space Telescope’s launch at the Space Telescope Science Institute
(STScI) in Baltimore, Maryland. —AFP Photos

A sign hangs on Webb Mission Office announcing it is a controlled area ahead
of the James Web Space Telescope’s launch at the Space Telescope Science
Institute (STScI) in Baltimore, Maryland.

Senior Spacecraft Engineer Michelle Elie works at her console at the Webb
Mission Office.

Klaus Pontoppidan, project scientist in the Webb mission office, holds a model
as he speaks during an interview ahead of the James Web Space Telescope’s
launch at the Space Telescope Science Institute (STScI) in Baltimore. 

It’s been three decades in the mak-
ing: the largest and most powerful
telescope ever to be launched into

space is finally ready to take up its
orbit and beam back new clues to the
origins of the Universe and Earth-like
planets beyond our solar system.
NASA’s James Webb Space
Telescope, named for a former direc-
tor of the American space agency, fol-
lows in the footsteps of the legendary
Hubble - but intends to show humans
what the Universe looked like even
closer to its birth nearly 14 billion
years ago. In a recent Tweet chat,
cosmologist and astrophysicist John
Mather, who co-founded the Webb
project, described the telescope’s
unprecedented sensitivity. “#JWST
can see the heat signature of a bum-
blebee at the distance of the Moon,”
he tweeted.

All that power is needed to detect
the weak glow emitted billions of years
ago by the very first galaxies to exist
and the first stars being formed. Hubble
is capable of observing events that
happened in space some 500 million
years after the Big Bang, and Webb

can go back even further to around
200 million years after that event. “This
telescope is designed to answer the
biggest questions in astronomy today,”
NASA astrophysicist Amber Straughn
said in a 2017 TED talk.

“With Webb we hope to see these
infant galaxies,” she said, “and learn
how galaxies grow over time.” It will
also give new information about near-
ly 5,000 exoplanets. While we know
some planets outside our solar system
are the right distance from their stars
to make them habitable, scientists also
want to know what their atmospheres
are like and whether they could con-
tain water. The ultimate goal is to find
out whether Earth is unique or
whether there are similar planets that
could give rise to life.

Infrared vision
“There’s a lot of excitement - we’ve

been waiting for this moment for a
long time,” Pierre Ferruit, a project
scientist from the European Space
Agency (ESA), told AFP. The ESA and
the Canadian Space Agency collabo-
rated on Webb and Ferruit like thou-

sands of his colleagues has been
working on it for most of his career.
Already, he said, researchers are com-
peting for access. “Observation time
is in very high demand. The ESA has
received over a thousand applications
for just the first year of operation,” he
said. “Even after 20 years, the ques-
tions Webb was made to answer are
still just as pressing.”

The telescope is unequalled in size
and complexity. Its mirror measures
6.5 meters (21 feet) in diameter - three
times the size of the one on the
Hubble telescope - and is made of 18
hexagonal sections. It is so large that
it had to be folded in order to fit into
the Ariane 5 rocket that will carry it to
its orbit. Once the telescope is in
place, the challenge will be to fully
deploy the mirror and a tennis-court-
sized sun shield - a process that will
take two weeks.

Its orbit around the sun will be 1.5
million kilometers from the Earth,
much farther away than Hubble, which
has been 600 kilometers above the
Earth since 1990. The location of
Webb’s orbit is called the Lagrange 2

point and was chosen in part because
it will keep the Earth, the Sun and the
Moon all on the same side of its sun
shield. “This will put it in darkness and
in extreme cold,” said Ferruit, condi-
tions which will allow the telescope’s
infrared sensors to “see” without
interference - a kind of observation of
which the Hubble was incapable.

‘Fill up the tanks’ 
The NASA project, launched in

1989, was originally expected to
deploy in the early 2000s. But multi-
ple problems forced delays and a
tripling of the telescope’s original
budget with a final price tag of nearly
10 billion dollars (8.8 billion euros).
Webb was built in the US and trans-
ported to its launch site in Kourou in
French Guyana this year. Its launch
date of December 18 was slightly
delayed after a small accident in late
November. An Ariane 5 rocket is now
set to carry it into space on
December 22, and it is estimated that
it will take a month to reach its point
of orbit. “All that’s left is to fill up the
gas tanks!” said Ferruit. —AFP

Peering into deep space and billions of years
back in time, the James Webb telescope
promises to offer the clearest glimpse yet of

the Universe’s cosmic dawn, when the earliest
galaxies began to form.

The largest and most powerful telescope ever to
be launched into space, which will take over from
Hubble, will “directly observe a part of space and
time never seen before”, says NASA. This is the
Universe in its youth, just a few hundred million
years after the Big Bang. With “very lofty science
goals in mind”, Webb will look back 13.5 billion
years to when the first galaxies evolved in the
Universe, said Begonia Vila, instrument systems
engineer at NASA’s Goddard Space Flight Center
in a briefing.

It aims to allow us to observe “how they change
and evolve to get to the type of galaxy where we
live in today,” she said, as well as looking at the first
stars and trying to detect “the type of elements that
we identify as a sign of the life as we know it;
water, carbon dioxide, methane”. Looking farther
into space means looking farther back in time
because of how long it takes for light to travel -
sunlight, for example, takes eight minutes to reach
our eyes on Earth. Hubble reached its limit at 13.4
billion years, with the discovery of the oldest
galaxy yet observed, GN-z11.

That ancient galaxy may have been an unpre-
possessing little dot but it was also “a surprise,
with a luminosity that one did not expect at such a

distance”, said the Swiss astrophysicist Pascal
Oesch, who first reported GN-z11. Hubble, which
was launched in 1990, looks mainly at visible light -
but Webb, set to launch on December 22, focuses
on infrared. Light emitted by the very first luminous
objects has been “redshifted” by the Universe’s
continual expansion, according to NASA, arriving
today as infrared.

Webb, with its significantly greater sensitivity
than Hubble, is expected to provide much more
detailed images, which Oesch said “will allow us to
explore this era in extraordinary detail”. He is bet-
ting that “many, many more galaxies will then be
revealed, but they will be much less luminous”. Its
infrared capability will also allow Webb to pene-
trate the interstellar dust clouds that absorb
starlight and hide them from Hubble’s view. This
“makes it possible to see what is hidden in the
clouds, the birth of stars and galaxies”, said David
Elbaz, an astrophysicist at the French Atomic
Energy Commission.

Lights, action
Webb has been jointly developed by NASA, the

European Space Agency and the Canadian Space
Agency. The ambition is to help explain a key stage
in the evolution of the Universe, when “the lights
went on, when the very first stars began to form”,
said Oesch. After the Big Bang triggered the
expansion of the Universe, it entered a virtually
lightless period, the cosmic dark ages, where it was

cast in a gaseous fog of hydrogen and helium
swirled, making it opaque. This period continued
for hundreds of millions of years until the first stars
began to form.

These are thought to have been giants - up to
300 times more massive than our Sun - that burnt
only for a few million years before exploding as
supernovae. How and when those first stars were
formed remains uncertain. One idea is that dark
matter - a substance whose existence is so far still
theoretical - played a role. This was a crucial time
in the Universe’s evolution, with the radiation from
these massive stars able to split hydrogen atoms
back into electrons and protons - ionising them. 

As it ionised, the Universe became more trans-
parent, leading eventually to the “clear” conditions
now detected in much of Space. To study this phe-
nomenon is to investigate the formation of galaxies.
The hope with Webb is to see “the first galaxies,
which carry the second generation of stars, which
will perhaps teach us things about the first”, said
Nicole Nesvadba, astronomer at the Lagrange lab-
oratory of the Observatory of the Riviera. 

And this, experts hope, will ultimately provide
clues to our own existence. “If we really want to
know where our atoms came from, and how the lit-
tle planet Earth came to be capable of supporting
life, we need to measure what happened at the
beginning,” said John Mather, senior project scien-
tist for the Webb telescope, in comments on the
project’s website. —AFP

Space Telescope: A 
giant leap towards 
‘other Earths’?

There is only one Earth... that we know
of. But outside our own solar system,
other stars give warmth and light to

planets and, possibly, life. Soon to offer a
better look at these so-called exoplanets
is NASA’s new James Webb telescope,
which is set to launch this month and
become the largest and most powerful
observatory in orbit.

One of its major missions is to look for
conditions that could sustain life outside
our solar system, where scientists have only
recently been able to look for it. The first
exoplanet observed - 51 Pegasi b - was dis-
covered in 1995 and since then nearly
5,000 others have been noted, from gas
giants similar to our solar system’s Jupiter
or Neptune to rocky planets like Earth.
Some are a habitable distance from their
suns, in a range fancifully named the
Goldilocks Zone.

But beyond being neither too close to,
nor too far from the stars they orbit, little is
known about these planets or what they are
made of. They are too far away to be
observed directly and rocky planets, which
are more susceptible to be capable of sus-
taining life as we know it, tend to be even
smaller and harder to observe. So far,
astronomers have detected them as they
pass in front of the stars they orbit, captur-
ing tiny variations in luminosity. This has
allowed them to determine their size and
density but the rest - their atmospheric
composition, what’s going on on their sur-
faces - is left to discover.

‘Look at their innards’ 
Astrophysicists hope the Webb tele-

scope will help fill in some of these gaps.
Equipped with a new piece of technology
called the Mid-Infrared Instrument (MIRI),
it will use a camera and a spectrograph to
see light in the mid-infrared region of the
electromagnetic spectrum, invisible to the
human eye.

“It will revolutionise how we see planets’
atmospheres. We’re going to get a look at
their innards!” said Pierre-Oliver Lagage of
the French space agency who worked on
MIRI with a US and European team. Pierre
Ferruit, a Webb project scientist at the
European Space Agency, explained that
MIRI will be able to read the infrared sig-
nature of light filtered through various sub-
stances in planets atmospheres as they pass
in front of their stars.

In this way, Ferruit told AFP, scientists
should be able to tell whether they contain
molecules like water vapour, carbon
monoxide and methane. Those three sub-
stances are present in Earth’s atmosphere
and could potentially signal biological
activity on a planet’s surface. “To think that
twenty years ago we knew of almost no
exoplanets and now we are about to find
out what their atmospheres are made of -
it’s huge,” Ferruit said.

Trappist-1
Rene Doyon is head of the Institute for

Research on Exoplanets in Montreal and
main scientist on another of the Webb’s
instruments, the Near Infrared Imager and
Slitless Spectrograph. “My dream would be
to find an atmosphere around a rocky plan-
et in a habitable zone with water mole-
cules,” Doyon told AFP, describing three
conditions that would make life as we know
it on Earth possible. But there are pitfalls:
on Venus for example scientists recently
thought they found phosphine, associated
with biological activity on Earth.
Subsequent research, however, showed
there were no traces of the gas.

Doyon said finding the origins of biologi-
cal molecules will probably be “beyond the
capabilities” of the Webb telescope. “That
will be for later,” confirmed Ferruit. “For
now we are looking for conditions that are
favourable to life, like the presence of liquid
water.” Such clues will narrow the focus of
future missions that aim to discover
“whether the Earth is one of a kind, or not”.
Webb is already set to probe a system
around the planetary system Trappist-1,
around 40 light years from Earth, which
was discovered by Belgian scientists who
named it after famous beer-brewing monks.

It has seven planets, of which three are in
a Goldilocks zone and orbit a dwarf star,
whose not-too-bright light will make it eas-
ier to detect the composition of the atmos-
phere. Other instruments for direct obser-
vation will allow Webb to examine the
atmospheres of “hot Jupiters” or “mini
Neptunes”, said Doyon. He said he expects
new categories of exoplanets could be dis-
covered along with plenty of surprises.
“Surprise is what exoplanet discovery is
made of,” he said. —AFP


